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6Q� NQECNK\G� VJG� KOOWPQINQDWNKP� 
+I��
DKPFKPI�FQOCKPU�QH� VJG�JWOCP�O[GNQKF
+I#� (Eα� TGEGRVQT� 
(Eα4+�� %&���� CPF
VJG� DQXKPG� (Eγ�� TGEGRVQT� 
D(Eγ�4��
EJKOGTKE� TGEGRVQTU� YGTG� IGPGTCVGF� D[
GZEJCPIKPI�EQORCTCDNG�TGIKQPU�DGVYGGP
VJGUG� VYQ� RTQVGKPU�� (Eα4+� CPF� D(Eγ�4
CTG� JKIJN[� JQOQNQIQWU� CPF� CTG� OQTG
ENQUGN[� TGNCVGF� VQ� GCEJ� QVJGT� VJCP� VQ
QVJGT� JWOCP� CPF� DQXKPG� (E4U�� 0GXGT�
VJGNGUU�� VJG[� CTG� HWPEVKQPCNN[�FKUVKPEV� KP
VJCV� (Eα4+� DKPFU� JWOCP� +I#� 
J+I#�
CPF�PQV�DQXKPG�+I)��
D+I)����YJGTGCU
D(Eγ�4� DKPFU� D+I)�� CPF� PQV� J+I#�
(Eα4+� CPF� D(Eγ�4�RQUUGUU� GZVTCEGNNWNCT
TGIKQPU� EQPUKUVKPI� QH� VYQ� +I�NKMG� FQ�
OCKPU�� C� OGODTCPG�FKUVCN� GZVTCEGNNWNCT
FQOCKP� 
'%���� C� OGODTCPG�RTQZKOCN
'%� FQOCKP� 
'%���� C� VTCPUOGODTCPG

TGIKQP�� CPF� C� UJQTV� E[VQRNCUOKE� VCKN�
%JKOGTCU�� EQPUVTWEVGF� D[� GZEJCPIKPI
EQORNGVG� FQOCKPU� DGVYGGP� VJGUG� VYQ
TGEGRVQTU� YGTG� VTCPUHGEVGF� VQ� %15��
EGNNU�CPF�CUUC[GF�HQT�VJGKT�CDKNKV[�VQ�DKPF
J+I#�� QT� D+I)��EQCVGF� DGCFU�� 6JG� TG�
UWNVU� UJQYGF�VJCV� VJG� +I�DKPFKPI� UKVG�QP
DQVJ� (Eα4+� CPF� D(Eγ�4� KU� NQECVGF
YKVJKP�'%���5WRRQTVKPI�VJKU�QDUGTXCVKQP
OQPQENQPCN� CPVKDQFKGU� VJCV� DNQEMGF
+I#�DKPFKPI� VQ� (Eα4+� YGTG� HQWPF� VQ
TGEQIPK\G� GRKVQRGU� NQECVGF� KP� VJKU� FQ�
OCKP�� +P� VGTOU� QH� (E4�+I� KPVGTCEVKQPU
EJCTCEVGTK\GF� VJWU� HCT�� VJKU� NQECVKQP� KU
WPKSWG� CPF� UWTRTKUKPI� DGECWUG� KV� JCU
DGGP� UJQYP� RTGXKQWUN[� VJCV� NGWMQE[VG
(Eγ4U�CPF�(Eε4+�DKPF�+I�XKC�UKVGU�RTKPEK�
RCNN[� NQECVGF� KP� VJGKT� '%�� FQOCKPU�
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+OOWPQINQDWNKP�
+I��(E�TGEGRVQTU�
(E4U��GZRTGUUGF�QP�RJCIQE[VKE�EGNNU�RTQXKFG�C

ETWEKCN� NKPM� DGVYGGP� VJG� JWOQTCN� CPF� EGNNWNCT� DTCPEJGU� QH� VJG� KOOWPG� U[UVGO�

.KICVKQP�QH� (E4�D[� CPVKIGP�DQWPF� +I� NGCFU� VQ� EGNNWNCT� CEVKXCVKQP� CPF� VTKIIGTKPI�QH

RQYGTHWN�GHHGEVQT�OGEJCPKUOU�
�����

+P� JWOCPU� CPF� QVJGT� OCOOCNU�� +I#� RTGFQOKPCVGU� KP� OWEQUCG� CPF�

HWTVJGTOQTG�� EQORTKUGU� C� UWDUVCPVKCN� RTQRQTVKQP� QH� VJG� EKTEWNCVKPI� +I� RQQN�� #V

OWEQUCN� UWTHCEGU� +I#� RTQXKFGU� C� HKTUV�NKPG� RTQVGEVKXG� HWPEVKQP�� VGTOGF� KOOWPG

GZENWUKQP�� YJGTGD[� KV� KPJKDKVU� OKETQDKCN� EQNQPK\CVKQP� QP� GRKVJGNKCN� EGNNU� CPF

RGPGVTCVKQP�QH�JCTOHWN�CPVKIGPU��+P�CFFKVKQP��VJG�RTQVGEVKXG�HWPEVKQP�QH�+I#�DQVJ�KP

OWEQUC�CPF� KP� VJG�EKTEWNCVKQP�OC[DG�TGKPHQTEGF�D[� KPVGTCEVKQP�QH� +I#�EQORNGZGF

CPVKIGPU�YKVJ�VJG�O[GNQKF�(Eα4+�
%&����
������(Eα4+�KU�GZRTGUUGF�QP�OQPQE[VGU�
OCETQRJCIGU�� RQN[OQTRJQPWENGCT� ITCPWNQE[VGU�� CPF� GQUKPQRJKNU�� CPF� KVU

ETQUUNKPMKPI� VTKIIGTU� C� XCTKGV[� QH� KOOWPQNQIKECN� GHHGEVQT� HWPEVKQPU�� KPENWFKPI

RJCIQE[VQUKU�� CPVKDQF[�FGRGPFGPV� EGNNWNCT� VQZKEKV[�� CPF� TGNGCUG� QH� KPHNCOOCVQT[

OGFKCVQTU�CPF�E[VQMKPGU��
�����

#OQPI� (E4U� EJCTCEVGTK\GF� WPVKN� PQY�� (Eα4+� KU� OQUV� ENQUGN[� TGNCVGF� VQ� VJG
DQXKPG�(E�TGEGRVQT�HQT�+I)��
D(Eγ�4��GZRTGUUGF�QP�OQPQE[VGU�CPF�ITCPWNQE[VGU�
+P�HCEV��VJGUG�VYQ�(E4U�CTG�OQTG�ENQUGN[�TGNCVGF�VQ�GCEJ�QVJGT�VJCP�VQ�CP[�MPQYP

JWOCP� QT� DQXKPG� (E4U� 
���� /QTG� TGEGPVN[�� KV� JCU� DGGP� UJQYP� VJCV� (Eα4+� CPF
D(Eγ�4� CTG� OGODGTU� QH� C� PGY� IGPG� HCOKN[� VJCV� CRRCTGPVN[� GXQNXGF� HTQO� C
EQOOQP�CPEGUVTCN�IGPG��1VJGT�JWOCP�IGPGU�DGNQPIKPI� VQ� VJKU� HCOKN[� KPENWFG� VJG

PCVWTCN� MKNNGT� EGNN� KPJKDKVQT[� TGEGRVQTU� 
-+4U��� VJG� +I�NKMG� VTCPUETKRVU� 
+.6U��� VJG

NGWMQE[VG�CPF�OQPQE[VG�OCETQRJCIG�+I�NKMG�TGEGRVQTU�
.+4U��/+4U���.#+4����CPF

*/��� 
������� 6JGUG� IGPGU� CTG� NQECVGF� ENQUG� VQ� VJG� (Eα4+� IGPG� YKVJKP� VJG� UQ�
ECNNGF� NGWMQE[VG� TGEGRVQT� EQORNGZ� QP� EJTQOQUQOG� ��S����� 
�������� 5GXGTCN

OWTKPG� OGODGTU� QH� VJG� UCOG� IGPG� HCOKN[�� IR��$�� 
C� UVTWEVWTCN� JQOQNQIWG� QH

JWOCP�-+4U��� CPF� VJG� RCKTGF� +I�NKMG� TGEGRVQTU�#� CPF�$� 
2+4�#� CPF� 2+4�$�� JCXG

CNUQ�DGGP�FGUETKDGF�
�������

(Eα4+� CPF� D(Eγ�4� CTG� DQVJ� VTCPUOGODTCPG� IN[EQRTQVGKPU� EQORQUGF� QH� VYQ
GZVTCEGNNWNCT� 
'%�� +I�NKMG� FQOCKPU� 
'%�� CPF� '%���� C� VTCPUOGODTCPG� TGIKQP

EQPVCKPKPI� C� EJCTIGF� CTIKPKPG� TGUKFWG�� CPF� C� UJQTV� E[VQRNCUOKE� VCKN� FGXQKF� QH

UKIPCNKPI�OQVKHU� 
������� 5KIPCN� VTCPUFWEVKQP� XKC� (Eα4+� KU�OGFKCVGF� XKC� VJG� (E4� γ
EJCKP��YJKEJ�CUUQEKCVGU�YKVJ�(Eα4+�VJTQWIJ�VJG�EJCTIGF�CTIKPKPG�TGUKFWG�YKVJKP� KVU
VTCPUOGODTCPG�FQOCKP�DWV�FQGU�PQV�CHHGEV�KVU�CHHKPKV[�HQT�+I#�
��������&GURKVG�VJG

JKIJ�NGXGN�QH�COKPQ�CEKF�KFGPVKV[�
�����YKVJKP�VJG�'%�CPF�VTCPUOGODTCPG�TGIKQPU

QH� (Eα4+� CPF� D(Eγ�4�� VJGUG� VYQ� TGEGRVQTU� CTG� HWPEVKQPCNN[� SWKVG� FKUVKPEV� KP� VJCV
(Eα4+� DKPFU� +I#� DWV� PQV� D+I)��� YJGTGCU� D(Eγ�4� DKPFU� D+I)�� DWV� PQV� +I#�
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6JGTGHQTG��VQ�OCR�VJG� NKICPF�DKPFKPI�FQOCKPU�QH�VJGUG�VYQ�(E4U�YG�WVKNK\GF�VJGKT

JKIJ�FGITGG�QH� KFGPVKV[�CPF�GZEJCPIGF�JQOQNQIQWU� TGIKQPU�DGVYGGP� VJGO��$CUGF

QP�MPQYNGFIG�QH�KPVGTCEVKQPU�DGVYGGP�QVJGT�VYQ�FQOCKP�(E4U�
(Eγ4++��(Eγ4+++�CPF
(Eε4+��YKVJ�VJGKT�TGURGEVKXG�NKICPFU�
+I)�QT�+I'���YG�GZRGEVGF�VJG�+I�DKPFKPI�UKVGU
VQ� DG� NQECVGF�YKVJKP� VJG�OGODTCPG�RTQZKOCN� '%��FQOCKP� 
�������� 5WTRTKUKPIN[�

JQYGXGT��QWT�TGUWNVU�FGOQPUVTCVGF�VJCV�VJG�NKICPF�DKPFKPI�TGIKQP�QH�DQVJ�(Eα4�CPF
D(Eγ�4� KU� NQECVGF� KP� VJGKT� OGODTCPG�FKUVCN� '%�� FQOCKPU�� +P� RCTV�� VJKU� HKPFKPI
RTQDCDN[� TGHNGEVU� VJG� GXQNWVKQPCT[� FGXGNQROGPV� QH� (Eα4+� CPF� D(Eγ�4� HTQO� CP
CPEGUVTCN�IGPG�FKUVKPEV�HTQO�VJG�RWVCVKXG�(Eγ4�(Eε4�RTGEWTUQT�

0$7(5,$/6�$1'�0(7+2'6

&HOO�FXOWXUH

%15���EGNNU�YGTG�OCKPVCKPGF�KP�&/'/�
$KQ�9JKVVCMGT��UWRRNGOGPVGF�YKVJ����

(%5���O/�.�INWVCOKPG��CPF����µI�ON�IGPVCO[EKP�
.KHG�6GEJPQNQIKGU��7-���6JG
OWTKPG� ++#���� $� EGNN� NKPG� VJCV� EQGZRTGUUGU� (Eα4+� CPF� VJG� (E4� γ�EJCKP� JCU� DGGP
FGUETKDGF�
����

F'1$V�DQG�FRQVWUXFWLRQ�RI�FKLPHULF�)F5V

E&0#U�GPEQFKPI�VJG�EQORNGVG�(Eα4+�EQFKPI�TGIKQP�CPF�C�OWVCPV�E&0#�GPEQFKPI
C� UQNWDNG� HQTO� QH� (Eα4+� YGTG� IKHVU� HTQO� &T�� %�� /CNKU\GYUMK� 
+OOWPGZ� %QTR��
5GCVVNG� 9#�� 
�������� E&0#� HQT� D(Eγ�4� JCU� DGGP� FGUETKDGF� RTGXKQWUN[� 
���
%JKOGTKE�E&0#U�YGTG�EQPUVTWEVGF�D[�QXGTNCR�GZVGPUKQP�2%4�
�����#NVJQWIJ�VJG

IGPQOKE�UVTWEVWTG�QH�D(Eγ�4�KU�WPMPQYP��VJG�JKIJ�JQOQNQI[�VQ�(Eα4+�CNNQYGF�WU
VQ� KPHGT� KPVTQP�GZQP� DQWPFCTKGU� DGECWUG� COKPQ� CEKF� TGUKFWGU� VJCV� NKPM� VJG� (Eα4+
GZQPU�CTG�KFGPVKECN�VQ�VJQUG�CV�EQORCTCDNG�RQUKVKQPU�KP�D(Eγ�4�
(KIWTG�����2TKOGTU
YGTG�VJWU�FGUKIPGF�VQ�CNNQY�VJG�HWUKQP�QH�GZQPU�CV�VJGUG�TGUKFWGU��6Q�EQPUVTWEV�VJG

D'%�
������(Eα4+�OWVCPV��RTKOGTU�YGTG�FGUKIPGF�VQ�CNNQY�VJG�HWUKQP�QH�VJG�HKTUV���
COKPQ�CEKFU�QH�D(Eγ�4� VQ�(Eα4+� CV� KUQNGWEKPG�����DQVJ�(Eα4+� CPF�D(Eγ�4�JCXG
KUQNGWEKPG� TGUKFWGU�CV� VJKU�RQUKVKQP��YJKEJ� NKGU�CNOQUV�GZCEVN[� KP� VJG�OKFFNG�QH� VJG

'%�� FQOCKPU�� 6JG� KPVGITKV[� QH� CNN� EJKOGTKE� E&0#U� YCU� EQPHKTOGF� D[� UGSWGPEG

CPCN[UKU�� %JKOGTKE� (E4� E&0#U� YGTG� ENQPGF� KPVQ� VJG� R%&0#�� OCOOCNKCP

GZRTGUUKQP�XGEVQT�
+PXKVTQIGP��6JG�0GVJGTNCPFU��RTKQT�VQ�VTCPUHGEVKQP�

7UDQVIHFWLRQV

%15���EGNNU�YGTG�VTCPUKGPVN[�VTCPUHGEVGF�YKVJ���µI�EJKOGTKE�(E4�E&0#�EQPUVTWEVU
D[� OGCPU� QH� (WIGPG� �� VTCPUHGEVKQP� TGCIGPV� 
$QGJTKPIGT� /CPPJGKO�� )GTOCP[�

CEEQTFKPI� VQ� VJG�OCPWHCEVWTGTNU� KPUVTWEVKQPU�� +P� UQOG�GZRGTKOGPVU����µI�R%/8�
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)(2�YCU� EQVTCPUHGEVGF� VQIGVJGT�YKVJ� VJG�(E4�EQPUVTWEVU��%GNNU�YGTG� KPEWDCVGF�CV

��u%�KP�C�JWOKFKHKGF�%1��CVOQURJGTG�HQT����JQWTU�DGHQTG�JCTXGUVKPI�

,J�ELQGLQJ�DVVD\V

7PEQCVGF�OCIPGVKE�/�����&[PCDGCFU�
&[PCN��0QTYC[��YGTG�EQCVGF��CEEQTFKPI�VQ

VJG�OCPWHCEVWTGTNU� KPUVTWEVKQPU�� YKVJ� GKVJGT� JWOCP� UGTWO� +I#� 
J+I#�� QT� DQXKPG

+I)�� 
D+I)���� YJKEJ� YGTG� RWTKHKGF� CU� RTGXKQWUN[� FGUETKDGF� 
�������&WG� VQ� NQY

VTCPUHGEVKQP� GHHKEKGPE[�QH� UQOG�&0#�EQPUVTWEVU� 
UGG�4GUWNVU��� VTCPUHGEVGF�%15��

EGNNU� YGTG� HKTUV� GPTKEJGF� HQT� VJQUG� DGEQOKPI� RQUKVKXG� HQT� IGPG� GZRTGUUKQP� D[

EQVTCPUHGEVKQP� QH� VJG� (E4� CPF� R%/8�)(2� EQPUVTWEVU�� 'ZRGTKOGPVU� UJQYGF� VJCV

OQUV�HNWQTGUEGPV�
)(2
��EGNNU�JCF�CNUQ�VCMGP�WR�DQVJ�RNCUOKFU��VJWU�GZRTGUUKPI�VJG

EJKOGTKE� (E4� VQIGVJGT� YKVJ� )(2� 
UGG� 4GUWNVU��� 6JGTGHQTG�� DKPFKPI� CUUC[U� YGTG

RGTHQTOGF� CU� HQNNQYU�� �� Z� ���� )(2
� %15��� EGNNU� 
YJKEJ� JCF� CNUQ� DGGP

EQVTCPUHGEVGF�YKVJ�CP�(E4�EQPUVTWEV��YGTG�RWTKHKGF� KP�C�(#%58CPVCIGs�EGNN� UQTVGT


$GEVQP�&KEMKPUQP��CPF�OKZGF�YKVJ�+I�EQCVGF�&[PCDGCFU�KP�C�HKPCN�XQNWOG�QH����µN
RGT� YGNN� KP� 8�DQVVQOGF� OKETQVKVGT� RNCVGU�� #HVGT� C� ��� OKP� KPEWDCVKQP� CV� TQQO

VGORGTCVWTG��VJG�RNCVG�YCU�URWP�CV����I�HQT���OKP�CPF�KPEWDCVGF�HQT�CP�CFFKVKQPCN

���OKP�CV�TQQO�VGORGTCVWTG��%GNNU�CPF�DGCFU�YGTG�TGUWURGPFGF�CPF�GZCOKPGF�HQT

VJG�RTGUGPEG�QH�TQUGVVGU��WUKPI�C�EQODKPCVKQP�QH�NKIJV�CPF�HNWQTGUEGPV�OKETQUEQR[�

KP�C�0KMQP�'ENKRUG�'����OKETQUEQRG��4QUGVVGU�YGTG�FGHKPGF�CU�)(2
�EGNNU�DKPFKPI

HQWT�QT�OQTG�+I�EQCVGF�DGCFU�CPF�CV�NGCUV�����)(2
�%15���EGNNU�YGTG�EQWPVGF�HQT

GCEJ� FGVGTOKPCVKQP�� (QT� DNQEMKPI� UVWFKGU�� EGNNU� YGTG� KPEWDCVGF� YKVJ� GKVJGT� O#D

/[���
���µN�EWNVWTG�UWRGTPCVCPV��QT�%%�)���
���µN�CUEKVGU�HNWKF�FKNWVGF������HQT
���OKP�CV�TQQO�VGORGTCVWTG�DGHQTG�VJG�CFFKVKQP�QH�+I�EQCVGF�DGCFU�

3URGXFWLRQ�DQG�SXULILFDWLRQ�RI�UHFRPELQDQW�VROXEOH�&'��

#�E&0#�VJCV�GPEQFGU�C�UQNWDNG�HQTO�QH�(Eα4+�YCU�GZRTGUUGF�KP�%JKPGUG�JCOUVGT
QXCT[�EGNNU�D[�OGCPU�QH�VJG�R''���GZRTGUUKQP�U[UVGO�
.QP\C��7-��CPF�VJG�RTQVGKP

YCU� KUQNCVGF� HTQO� VJG� EWNVWTG� UWRGTPCVCPV� D[� CHHKPKV[� EJTQOCVQITCRJ[� YKVJ

5GRJCTQUG�DQWPF�JWOCP�+I#�
XCP�<CPFDGTIGP��)���CPF�%��XCP�-QQVGP��WPRWDNKUJGF

FCVC��

0RQRFORQDO�DQWLERGLHV

6JG�RTGXKQWUN[�FGUETKDGF�(Eα4+�O#DNU�/[���
OWTKPG�+I/���#���#����#����CPF
#���
CNN�OWTKPG�+I)���YGTG�WUGF�KP�VJKU�UVWF[�
��������/[���CPF�#���YGTG�IKHVU

HTQO�&T��.K�5JGP�
&CTVOQWVJ�/GFKECN�5EJQQN��.GDCPQP��0*��CPF�&T��/CZ�%QQRGT


7PKXGTUKV[� QH� #NCDCOC�� $KTOKPIJCO�� #.��� TGURGEVKXGN[�� #��� YCU� UWRRNKGF� D[

/GFCTGZ� 'WTQRG� 
6JG� 0GVJGTNCPFU��� CPF� #�� CPF� #��� YGTG� RWTEJCUGF� HTQO
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+OOWPQVGEJ� 
(TCPEG�� CPF� 4GUGCTEJ� &KCIPQUVKEU� +PE�� TGURGEVKXGN[�� 6JG� D(Eγ�4
O#D� %%�)��� 
OWTKPG� +I/�� YCU� IGPGTCVGF� D[� KOOWPK\KPI� OKEG� YKVJ� D(Eγ�4
RTQVGKP� RWTKHKGF� HTQO� ECVVNG� NGWMQE[VGU�� CPF� VJG� URGEKHKEKV[� YCU� EQPHKTOGF� D[

UVCKPKPI�%15���EGNNU�VTCPUHGEVGF�YKVJ�E&0#�GPEQFKPI�VJG�D(Eγ�4�QT�DQXKPG�(Eγ4++

*QYCTF�� %�,��� WPRWDNKUJGF� FCVC��� 6Q� QDVCKP� PGY� (Eα4+� O#DU�� HGOCNG� $#.$�%
OKEG� YGTG� KOOWPK\GF� YKVJ� RWTKHKGF� UQNWDNG� (Eα4+�� 5RNGPQE[VGU� KUQNCVGF� HTQO
KOOWPK\GF�CPKOCNU�YGTG�HWUGF�YKVJ�O[GNQOC�EGNNU�
52����KP�VJG�RTGUGPEG�QH����

RQN[GVJ[NGPG�IN[EQN��6JG�EGNN� UWURGPUKQP�YCU�FKNWVGF� KP� +/&/�UWRRNGOGPVGF�YKVJ

���� (%5�� J[RQZCPVJKPG� 
����µOQN��� COKPQRVGTKP� 
����µ/��� VJ[OKFKPG� 
���µ
/��� ���RI�ON� +.���� ���7�NKVGT� RGPKEKNNKP�� CPF� ���� µI�ON� UVTGRVQO[EKP�� %GNNU
RTQFWEKPI�CPVKDQFKGU�VQ�(Eα4+�CPVKDQFKGU�YGTG�UWDENQPGF�D[�NKOKVKPI�FKNWVKQP��(KXG
ENQPGU�RTQFWEKPI�O#D�VQ�(Eα4+�YGTG�GZRCPFGF�CPF�VJG�URGEKHKEKV[�YCU�FGVGTOKPGF
D[�(#%5s�CPCN[UKU�
UGG�DGNQY���6Q�FGHKPG�VJG�ECRCEKV[�QH�VJGUG�PGY�O#D�VQ�KPJKDKV

DKPFKPI�QH�+I#�VQ�(Eα4+��DNQEMKPI�UVWFKGU�YGTG�RGTHQTOGF�CU�HQNNQYU��(Eα4+�O#DU
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(&��RI�&'���DQG�E)Fγ�5�PHGLDWH�OLJDQG�ELQGLQJ

6Q� OCR� VJG� NKICPF�DKPFKPI� FQOCKPU� QH� (Eα4+� CPF� D(Eγ�4�� YG� IGPGTCVGF� HKXG
EJKOGTKE� TGEGRVQTU� CU� HQNNQYU�� J'%�D(Eγ�4�� EQPUKUVKPI�QH� VJG� VYQ�'%�FQOCKPU� QH
(Eα4+�HWUGF�VQ�VJG�VTCPUOGODTCPG�E[VQRNCUOKE�
6/�%��FQOCKP�QH�D(Eγ�4��D'%�
(Eα4+�� VJG� VYQ� DQXKPG� '%� FQOCKPU� HWUGF� VQ� 6/�%� FQOCKP� QH� (Eα4+�� J'%��
D(Eγ�4��VJG�'%��FQOCKP�QH�(Eα4+� HWUGF�VQ�'%�6/�%�TGIKQP�QH�D(Eγ�4��D'%��
(Eα4+�� VJG� '%�� FQOCKP� QH� D(Eγ�4� LQKPGF� VQ� '%�6/�%� TGIKQP� QH� (Eα4+�� CPF
D'%�
������(Eα4+�� VJG� HKTUV� ��� COKPQ� CEKFU� QH� D(Eγ�4� HWUGF� CV� KUQNGWEKPG� ��� VQ
(Eα4+�
(KIWTG����

Figure 1. Alignment of
amino acid sequences of
FcααRI and bFc γγ2R (Resp.
X54154-Z37506). S1 ex-
ons are shown from the
methionine initiation co-
dons. Because the gene
structure of bFcγ2R is un-
known, intron-exon
boundaries are shown only
for FcαRI. Amino acids
that link two FcαRI exons
are underlined, and the
exon designation is shown
above the sequence. Note
that exon-linking amino
acids are conserved be-
tween FcαRI and bFcγ2R.
The first 19 amino acids of
both sequences are con-
sidered to represent NH2-
terminal signal peptides,

which are removed before cell surface expression. Thus, glutamine (Q) 22 is proposed to be the
first amino acid of both mature proteins and is therefore designated +1. Isoleucine (I) is also
underlined. Residues of bFcγ2R identical to those of FcαRI are designated (*), and gaps that
have been inserted to line up the sequences are designated (-), (also see reference 7).

6QIGVJGT� YKVJ� YKNF�V[RG� (Eα4+� CPF� D(Eγ�4� E&0#U�� KPFKXKFWCN� EJKOGTKE� (E4
EQPUVTWEVU�YGTG� VTCPUHGEVGF� VQ�%15��� EGNNU�� CPF� VJGKT� EGNN� UWTHCEG� GZRTGUUKQP�YCU

CUUGUUGF� D[� (#%5s� CPCN[UKU� CPF� D[� C� URGEKHKE� DKPFKPI� CUUC[� WUKPI� +I�EQCVGF� DGCFU


UGG� /CVGTKCNU� CPF� /GVJQFU��� +PKVKCN� GZRGTKOGPVU� TGXGCNGF� VJG� VTCPUHGEVKQP

GHHKEKGPE[�QH�KPFKXKFWCN�EQPUVTWEVU�VQ�DG�SWKVG�XCTKCDNG��6JG�OQUV�GHHKEKGPV�EQPUVTWEV

FKTGEVGF�GZRTGUUKQP�QH�(Eα4+�QP�VJG�UWTHCEG�QH�`����QH�%15���EGNNU��YJGTGCU�VJG
NGCUV�GHHKEKGPV�
D'%���(Eα4+��YCU�GZRTGUUGF�D[�QPN[����QH�VJG�VTCPUHGEVCPVU�
(KIWTG
�#��� 6JGTGHQTG�� YG� FGXGNQRGF� C� OGVJQF� VQ� UGNGEVKXGN[� GPTKEJ� HQT� VTCPUKGPVN[

VTCPUHGEVGF� EGNNU� D[� EQVTCPUHGEVKPI� C� RNCUOKF� VJCV� FKTGEVGF� GZRTGUUKQP� QH� )(2

S1         S2       +1 EC1
CD89 MDPKQTTLLCLVLCLGQRIQAQEGDFPMPFISAKSSPVIPLDGSVKIQCQ  29
bFc γ2R *A*TLPA****G*SV*L*T*V*A*T**K*I*W*EP*S*V**GS**T*L**  29

CD89 AIREAYLTQLMIIKNSTYREI GRRLKFWNETDPEFVIDHMDANKAGRYQC  79
bFc γ2R GPPNTKSFS*NKEGD**PWN* HPS*EP*DKA--N*F*SNVREQQ****H*  77

                    EC2
CD89 QYRIGHYRFRYSDTLELVVTG------LYGKPFLSADRGLVLMPGENISL  123
bFCγ2R SHF**VNWSEP*EP*D*L*A*EEPAGR*RDR*S**VRPSPSVA****VT*  127

CD89 TCSSAHIPFDRFSLAKEGE----LSLP-QHQSGEHPANFSLGPVDLNVSG  167
bFc γ2R L*Q*-GNRT*T*L*S***AAHRP*R*RS*D*D*WYQ*E***S**TSAHG*  176

                           TM/C
CD89 IYRCYGWYNRSPYLWSFPSNALELVVTDSIHQDYTTQNLIRMAVAGLVLV  217
bFc γ2R T****RSLSTN***LSQ**EP*A*L*A*-----**M******GL*AS**L  221

CD89 ALLAILVENWHSHTALNKEASADVAEPSWSQQMCQPGLTFARTPSVCK    265
bFc γ2R L*GIL*CQAR*D*GGA-R**ARS                             243
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Figure 2. Expression of chimeric FcR by
COS-1 cells.  (A) COS-1 cells were transfected
with the indicated constructs 2 d before har-
vesting and FACS® analysis. Cells were
stained with either FcαRI EC2-specific mAb
A62 (mouse IgG1) (bottom panels) or an ap-
propriate isotype control (top panels), followed
by a GAM IgG1 Tricolor reagent. Numbers in
the top right corners of the plots refer to the
percentage of positive cells. (B) Enrichment of
FcαRI expression in COS-1 cells cotransfected
with GFP. Cells transfected with both FcαRI
and GFP were stained with FcαRI EC2-specific
mAb A62 followed by GAM IgG1 Tricolor rea-
gent and analyzed by FACS®. More than 60%
of the GFP+ cells also express FcαRI. (C) Ro-
sette formation by COS-1 cells cotransfected

with both FcαRI and GFP and exposed to hIgA-coated beads. Rosettes were quantified as
specified in Materials and Methods. Black bar, total number of cells counted; white bar, total
number of GFP+ cells assessed by fluorescent microscopy; gray bar, number of GFP+ cells
forming rosettes. Results shown are representative of three separate experiments.
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62%

Green fluorescent protein (GFP)

F
cα

R
I

1%

30% 3%

0.2%

F
S

C
-h

ei
gh

t

FcαRI bEC1-FcαRI

Control

A62

A B

C



Chapter 2

40

0

20

40

60

80

100
+ 

M
y4

3
+ 

co
nt

ro
l

   
Ig

M

+ 
C

C
-G

24
+ 

co
nt

ro
l

   
Ig

M

%
 in

hi
bi

tio
n 

of
 r

os
et

te
 fo

rm
at

io
n

FcR transfected

Blocking Ab

Coating Ig

FcαRI

hIgA

bFcγ2R

bIgG2

URGEKHKEKV[� QH� QWT� DKPFKPI� CUUC[� D[� WUKPI� DNQEMKPI� O#DU� URGEKHKE� HQT� (Eα4+� QT
D(Eγ�4� VQ� KPJKDKV� TQUGVVG� HQTOCVKQP� 
(KIWTG� ���� 6JG� HKPFKPI� VJCV� VJG� KPJKDKVKQP
QDVCKPGF�YKVJ�/[���YCU�QPN[�RCTVKCN� 
`�����YCU�OQUV� NKMGN[� GZRNCKPGF�D[� VJG

WUG� QH� EWNVWTG� UWRGTPCVCPV� QVJGT

VJCP� C� JKIJGT� EQPEGPVTCVKQP� QH

RWTKHKGF� CPVKDQF[� YJKEJ� YCU� PQV

CXCKNCDNG�

Figure 3. Specificity of the bead roset-
ting assays.  COS-1 cells were co-
transfected with the indicated FcR con-
struct together with pCMV-GFP. GFP+

cells were purified as described in
Materials and Methods and incubated
with the relevant murine IgM-blocking
mAb or an irrelevant murine IgM control
mAb for 30 min before addition of Ig-
coated beads. Results are shown, as
percentages of inhibition of rosette for-
mation when compared with transfec-
tants that were not incubated with mAb
before rosetting analysis. Results shown
are representative of two experiments.

(Eα4+�FQGU�PQV�DKPF�D+I)���CPF�D(Eγ�4�FQGU�PQV�DKPF�J+I#�
����CEEQTFKPIN[��YG
PGKVJGT� QDUGTXGF� TQUGVVGU� YJGP� J+I#�EQCVGF� DGCFU� YGTG� OKZGF� YKVJ� D(Eγ�4
VTCPUHGEVCPVU��PQT�YJGP�D+I)��EQCVGF�DGCFU�YGTG�OKZGF�YKVJ�(Eα4+� VTCPUHGEVCPVU

(KIWTG� ���� $KPFKPI� UVWFKGU� YKVJ� %15��EGNNU� GPTKEJGF� HQT� (E4� GZRTGUUKQP� CU

FGUETKDGF� CDQXG�� UJQYGF� PQV� WPGZRGEVGFN[� VJCV� YKNF�V[RG� (Eα4+� CPF� D(Eγ�4
VTCPUHGEVCPVU� RTQFWEGF� VJG� JKIJGUV� NGXGNU� QH� TQUGVVG� HQTOCVKQP� YKVJ� J+I#�� CPF

D+I)��EQCVGF� DGCFU�� TGURGEVKXGN[� 
(KIWTG� ���� 6TCPUHGEVCPVU� GZRTGUUKPI� EJKOGTCU

EQFKPI�HQT�VJG�GPVKTG�'%�RQTVKQPU�QH�VJG�TGEGRVQTU�
J'%�D(Eγ�4�CPF�D'%��(Eα4+�
DQWPF�VJGKT�TGURGEVKXG�+I�EQCVGF�DGCFU�GHHKEKGPVN[��CNVJQWIJ�CV�C�UNKIJVN[�NQYGT�NGXGN

VJCP� VJGKT� YKNF�V[RG� EQWPVGTRCTVU� 
(KIWTG� ���� 6JG� HCEV� VJCV� VJG� J'%��D(Eγ�4
EJKOGTC�TGVCKPGF�+I#�DKPFKPI�ECRCEKV[�FGOQPUVTCVGF�VJCV�VJG�DKPFKPI�UKVG�QH�(Eα4+
NKGU� YKVJKP� VJG�OGODTCPG�FKUVCN� '%�� FQOCKP�� (WTVJGTOQTG�� DGECWUG� VJKU� EJKOGTC

FKF�PQV�HQTO�TQUGVVGU�YKVJ�D+I)��EQCVGF�DGCFU��QWT�HKPFKPI�HWTVJGT�UWIIGUVGF�VJCV

VJG�DKPFKPI� UKVG� HQT�D+I)�� KP�D(Eγ�4�YCU�PQV� NQECVGF�YKVJKP� VJG�'%��FQOCKP�QH
VJKU�TGEGRVQT��%QPXGTUGN[��VJG�D'%���(Eα4+�EJKOGTC�FKF�HQTO�TQUGVVGU�YKVJ�D+I)��
EQCVGF�DGCFU��DWV�PQV�YKVJ�DGCFU�EQCVGF�YKVJ�J+I#�

#NVQIGVJGT� VJGUG� TGUWNVU� UJQYGF� VJCV�� KP� EQOOQP� YKVJ� (Eα4+�� VJG� NKICPF�
DKPFKPI�UKVG�QH�D(Eγ�4�CRRGCTGF�VQ�NKG�YKVJKP�VJG�'%��FQOCKP��+V�UJQWNF�DG�PQVGF�
JQYGXGT�� VJCV� VJG� NGXGN� QH� DKPFKPI� QDVCKPGF� YKVJ� VJG� VYQ� '%�� EJKOGTCU� 
J'%��
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D(Eγ�4� CPF� D'%�(Eα4+�� YCU� TGFWEGF� YJGP� EQORCTGF� YKVJ� VJG� YKNF�V[RG
TGEGRVQTU��CPF�VJG�'%�EJKOGTCU�
J'%�D(Eγ�4�CPF�D'%�(Eα4+��
(KIWTG����
(WTVJGTOQTG�� VQ� DGVVGT� NQECNK\G� VJG� +I�DKPFKPI� UKVGU� QH� VJGUG� VYQ� TGEGRVQTU�� C

HWTVJGT� EJKOGTC� YCU� EQPUVTWEVGF� KP� YJKEJ� VJG� HKTUV� ��� COKPQ� CEKFU� QH� VJG� '%�

FQOCKP�YGTG�HTQO�D(Eγ�4��YJKNG�VJG�TGOCKPKPI�'%��
���COKPQ�CEKFU��CPF�VJG�TGUV
QH� VJG� TGEGRVQT� YGTG� HTQO� (Eα4+� =D'%
������� (Eα4+?�� #NVJQWIJ� VJKU� EJKOGTC� YCU
GZRTGUUGF� CV� VJG� EGNN� UWTHCEG� CPF� EQWNF� DG� TGEQIPK\GF� D[� VJG�OCLQTKV[� QH� (Eα4+
O#D��KV�DQWPF�PGKVJGT�J+I#��PQT�D+I)��EQCVGF�DGCFU�

Figure 4. Rosette formation by FcR/GFP cotransfected COS-1 cells.  Schematic representa-
tion of wild type or chimeric FcRs. Unshaded regions are derived from FcαRI, shaded regions
from bFcγ2R. S, signal peptide; EC1, extracellular domain 1; EC2, extracellular domain 2; TM/C,
transmembrane - cytoplasmic tail. GFP+ transfectans were purified from COS-1 cells cotrans-
fected with GFP and FcR constructs as described. Ig-binding to FcRs coexpressed with GFP
was assessed by rosetting with either hIgA- or bIgG2-coated beads. More than 200 cells were
counted for each determination, and the number of cells binding four or more Ig-coated beads is
expressed as percentage rosette formation. Results are representative of three separate ex-
periments.
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Figure 5. FACS ® analysis
of newly  produced mAbs
to Fc ααRI compared to
mAb A77 of similar speci-
ficity.  A. FcαRI-expressing
murine B cells (IIA1.6) were
incubated with mAbs as in-
dicated (white peaks or with
concentration and isotype–
matched control mAbs
(hatched peaks), followed
by a GAM IgG1-PE con-
jugate. B. FcαRI-expressing
IIA1.6 cells were incubated
without (left panel) or with

mAbs as indicated, followed by heat-aggregated hIgA (aIgA). After 1 h at 4°C, cells were
washed and bound hIgA was detected by incubation with goat anti-human IgA F(ab)2-PE
conjugate (white peaks). Cells incubated with only the secondary reagent served as negative
controls (hatched peaks). C. Reactivity of chimeras (left) with a panel of FcαRI and bFcγ2R mAb
(top) as measured by FACS® analysis. Binding was graded as follows: +, strong binding; +/-,
weak binding; -, no binding.
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DNQEMKPI�VJG�DKPFKPI�QH�JGCV�CIITGICVGF�J+I#�VQ�(Eα4+�
(KIWTG��$���OCRRGF�VQ�VJG
'%��FQOCKP�
(KIWTG��%��

#NUQ��CNN�PQPDNQEMKPI�O#DU�YGTG�FKTGEVGF�CICKPUV�VJG�'%��FQOCKP��GZEGRV�HQT

O#D� #�� VJCV� CRRCTGPVN[� TGEQIPK\GF� CP� GRKVQRG� FGRGPFKPI� QP� RCTVU� QH� DQVJ

FQOCKPU��7PHQTVWPCVGN[�� DGECWUG� QPN[� QPG�O#D� CICKPUV� D(Eγ�4�YCU� CXCKNCDNG�� C
UKOKNCT�FGVCKNGF� UVWF[�EQWNF�PQV�DG�RGTHQTOGF� HQT� VJKU� TGEGRVQT��9G� UJQYGF� VJCV

VJG�O#D�%%�)���QPN[�TGEQIPK\GF�YKNF�V[RG�D(Eγ�4�CPF�VJG�D'%�(Eα4+�EJKOGTC

(KIWTG��%���6JWU��NKMG�O#D�#���KV�KU�OQUV�NKMGN[�FKTGEVGF�CICKPUV�C�EQPHQTOCVKQPCN

GRKVQRG�FGRGPFKPI�QP�DQVJ�'%��CPF�'%��

',6&866,21

$[�OGCPU�QH�C�RCPGN�QH�EJKOGTKE�(E4U��YG�KFGPVKHKGF�EQPENWUKXGN[�HQT�VJG�HKTUV�VKOG

VJG� NKICPF�DKPFKPI�UKVGU�QH�(Eα4+�CPF�D(Eγ�4��5WTRTKUKPIN[��VJGUG�UKVGU�YGTG�HQWPF
VQ�DG�NQECVGF�KP�VJG�'%��FQOCKPU��(Eα4+�CPF�D(Eγ�4�CTG�JKIJN[�JQOQNQIQWU�DQVJ
CV� VJG� RTQVGKP� CPF� PWENGQVKFG� NGXGN� 
���� CPF� ���� KFGPVKV[�� TGURGEVKXGN[��� DWV

UJQY�OWEJ� NGUU� JQOQNQI[�YKVJ�QVJGT� JWOCP� CPF�DQXKPG� (E4U� 
����6JKU� UWIIGUVU

VJCV� (Eα4+� CPF� D(Eγ�4� GXQNXGF� HTQO� C� EQOOQP� CPEGUVTCN� IGPG� 
CNUQ� UJCTGF� D[
-+4��+.6��/+4��.+4��.#+4����*/����2+4��CPF�IR��$��IGPGU��CPF�PQV�UJCTGF�D[

QVJGT� JWOCP� QT� DQXKPG� (E4U� 
���� /CRRKPI� QH� VJG� D(Eγ�4� IGPG� VQ� DQXKPG
EJTQOQUQOG�����YJKEJ�EQTTGURQPFU�VQ�JWOCP�EJTQOQUQOG�����HWTVJGT�UWRRQTVU

VJKU�PQVKQP�
����

1WT� HKPFKPI� VJCV� VJG� +I�DKPFKPI� UKVGU� QH� DQVJ� (Eα4+� CPF� D(Eγ�4� CTG� NQECVGF
YKVJKP�VJGKT�'%��FQOCKPU��YCU�DCUGF�QP�VJG�HCEV�VJCV�TQUGVVKPI�YKVJ�+I�EQCVGF�DGCFU

YCU�QPN[�UGGP�HQT�VJG�EQTTGURQPFKPI�(Eα4+�QT�D(Eγ�4�'%��EJKOGTC��+P�DQVJ�ECUGU�
JQYGXGT��C�TGFWEVKQP�KP�DKPFKPI�CEVKXKV[�YCU�UGGP�EQORCTGF�YKVJ�VJCV�QDVCKPGF�HQT

VJG�YKNF�V[RG�TGEGRVQTU�CPF�HQT�VJG�EQORCTCDNG�'%�EJKOGTCU�
(KIWTG�����#NVJQWIJ

VJGUG� FKHHGTGPEGU� KP� RCTV�OC[� DG� CVVTKDWVGF� VQ� VJG� GZRTGUUKQP� NGXGNU� QH� KPFKXKFWCN

EQPUVTWEVU�
GURGEKCNN[�HQT�VJG�D'%���(Eα4+�EJKOGTC��UGG�CDQXG��� KV� KU�CNUQ�RQUUKDNG
VJCV�VJG�'%��FQOCKPU�CPF�OGODTCPG�RTQZKOCN�TGIKQPU�QH�VJG�TGEGRVQTU�EQPVTKDWVG

GKVJGT�FKTGEVN[�
D[�HQTOKPI�PUGEQPFCT[Q�EQPVCEV�UKFGU��QT�KPFKTGEVN[�
D[�RTGUGTXKPI

VJTGG�FKOGPUKQPCN�UVTWEVWTG��VQ�VJG�CHHKPKV[�CPF�UVCDKNKV[�QH� VJG� NKICPF� KPVGTCEVKQPU�

6JKU�YQWNF�DG�CPCNQIQWU�VQ�VJG�CEVKXKV[�QH�QVJGT�VYQ��FQOCKP�(E4U��PCOGN[�(Eγ4++�
(Eγ4+++��CPF�(Eε4+�KP�YJKEJ�VJG� NKICPF�DKPFKPI�UKVGU�CTG� NQECVGF� KP�VJG�OGODTCPG�
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RTQZKOCN�'%��FQOCKPU��YJGTGCU� UVTWEVWTGU�YKVJKP� VJG�'%��FQOCKPU�EQPVTKDWVG� VQ

VJG�DKPFKPI�RTQEGUU�
�������

+V� UJQWNF� CNUQ� DG� PQVGF� VJCV� VJG� TGIKQP� QH� J+I#� KPVGTCEVKPI� YKVJ� (Eα4+� JCU
TGEGPVN[�DGGP�OCRRGF�VQ�VJG�%α��%α��DQWPFCT[�
�����6JKU� KU� KP�EQPVTCUV�VQ�VJG
TGIKQP�QH�JWOCP�+I)�TGURQPUKDNG�HQT� KPVGTCEVKQP�YKVJ�(Eγ4U��YJKEJ�KU�RTQRQUGF�VQ
NKG�OWEJ�ENQUGT�VQ�VJG�JKPIG�
�����6JGTGHQTG��KP�VGTOU�QH�VJG�GXQNWVKQP�QH�+I�(E4

KPVGTCEVKQPU�� KV� UJQWNF� DG� KPVGTGUVKPI� VQ� OCR� VJG� TGIKQP� QH� D+I)�� VJCV� DKPFU� VQ

D(Eγ�4�� $GECWUG� TGEQODKPCPV� D+I)�� KU� CXCKNCDNG�� GZRGTKOGPVU� ECP� TGCFKN[� DG
FGUKIPGF� VQ� FGVGTOKPG� YJGVJGT� VJKU� TGIKQP� NKGU� ENQUG� VQ� VJG� JKPIG� TGIKQP� CU� KP

JWOCP�+I)�QT�KP�C�RQUKVKQP�CPCNQIQWU�VQ�VJCV�QH�J+I#�
����

6Q�UWDUVCPVKCVG�QWT�QDUGTXCVKQP�VJCV�+I#�DKPFU�VQ�VJG�'%��FQOCKP�QH�(Eα4+�
YG�OCRRGF�VJG�GRKVQRGU�QH�C�RCPGN�QH�DNQEMKPI�CPF�PQPDNQEMKPI�CPVK�(Eα4+�O#DU
VJCV�DQWPF�GSWCNN[�VQ�VJG�'%�RCTVU�QH�YKNF�V[RG�(Eα4+�CPF�VJG�J'%�(Eγ�4�EJKOGTC�
6JG�PQPDNQEMKPI�O#DU�
#����#����#����CPF��&���YGTG�UJQYP�VQ�TGCEV�YKVJ�VJG

OGODTCPG�RTQZKOCN�'%��FQOCKP�DGECWUG�VJG[�DQWPF�QPN[�VQ�YKNF�V[RG�(Eα4+�CPF
VJG�J'%�D(Eγ�4��D'%��(Eα4+��CPF�D'%�
�����(Eα4+�EJKOGTCU��6JG�QPN[�GZEGRVKQP
YCU� VJG�PQPDNQEMKPI�O#D�#��VJCV�DQWPF�QPN[� VQ�YKNF�V[RG�(Eα4+�CPF� VJG�J'%�
D(Eγ�4�� CPF� D'%�
������(Eα4+� EJKOGTCU�� UWIIGUVKPI� VJCV� KVU� GRKVQRG� KU
EQPHQTOCVKQPCN� CPF� FGRGPFU� QP� TGIKQPU� QH� DQVJ� '%�� CPF� '%�� 
UKOKNCT� VQ� VJG

D(Eγ�4�O#D�%%�)����UGG�4GUWNVU�UGEVKQP���+P�EQPVTCUV��CNN�DNQEMKPI�O#DU�
/[���
�'����&�����)���CPF��*���YGTG�UJQYP�VQ�TGCEV�YKVJ�VJG�'%��FQOCKP�QH�(Eα4+
DGECWUG� VJGKT� DKPFKPI� CEVKXKV[� YCU� TGVCKPGF� YKVJ� VJG� J'%��D(Eγ�4� EJKOGTC�� 6JG
GRKVQRGU� TGEQIPK\GF�D[�/[��� CPF��&���YGTG� HWTVJGT� NQECNK\GF� VQ� VJG� TGIKQP� QH

'%�� FKTGEVN[� CFLCEGPV� VQ� '%��� DGECWUG� VJG[�YGTG� UJQYP� VQ� DKPF� VJG� D'%�
������

(Eα4+� EJKOGTC�� �'�� CPF� �*�� QP� VJG� QVJGT� JCPF�� DQWPF� QPN[� YGCMN[� VQ� VJKU
EJKOGTC��YJGTGCU��)��FKF�PQV�DKPF�CV� CNN�� 5KOKNCT�OCRRKPI� UVWFKGU�YKVJ�DNQEMKPI

O#DU� JCXG� RTGXKQWUN[� DGGP� WUGF� VQ� NQECNK\G� VJG� +I)�DKPFKPI� UKVGU� QH� (Eγ4++� CPF
(Eγ4+++�VQ�VJGKT�'%��FQOCKPU�
�������
#�PWODGT�QH�(Eα4+�O40#U�JCXG�DGGP� KUQNCVGF�CPF� UJQYP� VQ�GPEQFG� URNKEG

XCTKCPVU�QH�VJG�TGEGRVQT�
��������1PG�UWEJ�TGRQTV�FGUETKDGF�EGNN�UWTHCEG�GZRTGUUKQP

QH�CP�(Eα4+�XCTKCPV�VJCV�NCEMGF�VJG�EQORNGVG�'%��FQOCKP��CPF�UWIIGUVGF�VJG�'%�
FQOCKP�VQ�DG�KPXQNXGF�KP�J+I#�DKPFKPI�
�����*QYGXGT��KP�EQPVTCUV�VQ�QWT�TGUWNVU�

O#D� /[��� YCU� RTQRQUGF� VQ� TGCEV� YKVJ� '%��� CPF� O#D� #��� YKVJ� '%��� 9G

DGNKGXG� VJCV� QDUGTXCVKQP� VQ� DG� URWTKQWU� GKVJGT� FWG� VQ� KPEQTTGEV� EGNN� UWTHCEG

GZRTGUUKQP�QH� VJG�URNKEG�XCTKCPV�CPF�QT�CDGTTCPV�TGEGRVQT�UVTWEVWTG�ECWUGF�D[� NCEM

QH� VJG� EQORNGVG� '%��FQOCKP��6JKU� RQUUKDKNKV[�YCU� UWRRQTVGF� D[� QWT� CVVGORVU� VQ

GZRTGUU� XCTKQWU� (Eα4+� URNKEG� XCTKCPVU� KP� %15� EGNNU� YKVJ� PQ� UWEEGUU� 
����
#FFKVKQPCNN[��EJKOGTCU�EQPUVTWEVGF�DGVYGGP�(Eα4+�CPF�(Eγ4++�YGTG�PQV�GZRTGUUGF
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GHHKEKGPVN[� 
/QTVQP�� *�%��� CPF� ,�)�,�� XCP� FG� 9KPMGN�� WPRWDNKUJGF� QDUGTXCVKQPU��

RQUUKDN[�TGHNGEVKPI�C�FGITGG�QH�UVTWEVWTCN�KPEQORCVKDKNKV[�DGVYGGP�VJGUG�VYQ�(E4U��+P

HCEV�� QWT� WPUWEEGUUHWN� GZRGTKGPEG� YKVJ� VJQUG� CRRTQCEJGU� NGF� WU� VQ� EQPUVTWEV

EJKOGTCU� DGVYGGP� (Eα4+� CPF� D(Eγ�4� CU� TGRQTVGF� JGTG�� DGECWUG� VJGKT� NGXGNU� QH
JQOQNQI[�
CPF�JGPEG�RTGUWOCDN[�VJGKT�QXGTCNN�UVTWEVWTG��CTG�OQTG�UKOKNCT�VJCP�HQT

QVJGT� (E4U�� 6JWU� UYCRRKPI� QH� JKIJN[� JQOQNQIQWU� TGIKQPU� UJQWNF� JCXG� OKPKOCN

CHHGEV� QP� VJG� QXGTCNN� UVTWEVWTCN� KPVGITKV[� QH� VJG� TGUWNVCPV� EJKOGTCU��6JGTGHQTG��YG

HGGN�VJCV�VJG�RTGUGPV�CRRTQCEJ�KU�OQTG�RJ[UKQNQIKECN�VJCP�RTGXKQWU�CVVGORVU�VQ�VJKU

GPF�

6JG� UWTRTKUKPI�FKHHGTGPEG� UGGP�DGVYGGP� VJG� NKICPF�DKPFKPI� UKVGU� QH� (Eα4+� CPF
D(Eγ�4� XGTUWU� VJQUG� QH� QVJGT� NGWMQE[VG� (Eγ4U� CPF� (Eε4+� OC[� JCXG� KPVGTGUVKPI
KORNKECVKQPU� KP� VGTOU�QH� +I� KPVGTCEVKQPU��#U�OGPVKQPGF�CDQXG�� VJKU�FKURCTKV[�EQWNF

UKORN[�TGHNGEV�VJG�RTQRQUGF�GXQNWVKQP�QH�(Eα4+�CPF�D(Eγ�4�HTQO�CP�CPEGUVTCN�IGPG
FKUVKPEV�HTQO�VJCV�IKXKPI�TKUG�VQ�QVJGT�(Eγ4U�CPF�(Eε4+��6JKU�PQVKQP�KU�UWRRQTVGF�D[
VJG� QDUGTXCVKQP� VJCV� TGUKFWGU� YKVJKP� VJG� OGODTCPG�FKUVCN� FQOCKP� QH� VYQ� -+4

RTQVGKPU�FGVGTOKPG�VJGKT�CDKNKV[�VQ�DKPF�VQ�VJGKT�TGURGEVKXG�NKICPFU��VJG�VYQ�ITQWRU

QH� *.#�%� CNNQV[RGU� 
�����/QTGQXGT�� FWG� VQ� VJGKT� JKIJ� NGXGNU� QH� JQOQNQI[�� VJG

VJTGG�FKOGPUKQPCN�UVTWEVWTG�QH�(Eα4+�CPF�D(Eγ�4�OC[�OQTG�ENQUGN[�TGUGODNG�VJCV
QH� VJG�-+4�RTQVGKPU� VJCP� VJCV�QH�OQTG�FKUVCPVN[� TGNCVGF�(E4U� 
����� +PFGGF��OQTG

FGVCKNGF� OWVCVKQPCN� CPCN[UKU�� FKTGEVGF� D[� OQFGNKPI� UVWFKGU� WUKPI� VJG� TGEGPVN[

RWDNKUJGF�VJTGG�FKOGPUKQPCN�UVTWEVWTG�QH�VJG�R���-+4�CU�C�VGORNCVG�HQT�VJG�RTQVGKP

DCEMDQPGU� QH� (Eα4+� CPF� D(Eγ�4� CTG� EWTTGPVN[� WPFGTYC[� KP� QWT� NCDQTCVQT[� VQ
HWTVJGT�NQECNK\G�VJG�+I�DKPFKPI�UKVGU�YKVJKP�VJGUG�VYQ�TGEGRVQTU�

#P�CNVGTPCVKXG�GXQNWVKQPCT[�GZRNCPCVKQP�RQUUKDN[�CRRNKECDNG�CV� NGCUV� HQT�(Eα4+
OKIJV� DG� VJCV� KVU� NKICPF�DKPFKPI� UKVG� FGXGNQRGF� VQ� GPUWTG� KPVGTCEVKQP� YKVJ� CNN

OQNGEWNCT� HQTOU� QH� +I#�� OQPQOGTKE� +I#�� FKOGTKE� +I#� 
KPENWFKPI� ,�EJCKP��� CPF

UGETGVQT[� +I#�
KPENWFKPI�,�EJCKP�CPF� UGETGVQT[�EQORQPGPV���(Eα4+� KU� TGRQTVGF� VQ
DKPF� CNN� VJGUG� NKICPF� XCTKCPVU� 
�������� 6JGTGHQTG�� DGECWUG� VJG� UKVG� QH� KPVGTCEVKQP

YKVJ�(Eα4+�CV�VJG�%α��%α��DQWPFCT[�CRRGCTU�VQ�DG�CEEGUUKDNG�VQ�VJG�TGEGRVQT�KP
CNN�VJGUG�HQTOU�QH�+I#��(Eα4+�EQWNF�JCXG�GXQNXGF�VQ�CEEQORNKUJ�VJKU�KPVGTCEVKQP�XKC
KVU� '%�� FQOCKP� VQ� CXQKF� RQVGPVKCN� RTQDNGOU� QH� UVGTKE� JKPFTCPEG� QH� C� OQTG

OGODTCPG�RTQZKOCN�DKPFKPI�UKVG�KP�TGNCVKQP�VQ�NCTIG�+I#�RQN[OGTU�

+P�EQPENWUKQP��YG�JCXG�UJQYP�VJCV�VJG�ENQUGN[�TGNCVGF�(Eα4+�CPF�D(Eγ�4�DKPF
VJGKT� NKICPFU� XKC� UKVGU� NQECVGF� KP� VJGKT� OGODTCPG�RTQZKOCN� '%�� FQOCKPU�� 6JG

FKHHGTGPEG� KP� VJG� +I�DKPFKPI� UKVGU� QH� VJGUG� VYQ� TGEGRVQTU� XGTUWU� QVJGT� NGWMQE[VG

(Eγ4U�CPF�(Eε4+��OC[�TGHNGEV�VJG�RTQRQUGF�FKXGTIGPV�GXQNWVKQPCT[�RCVJYC[�HTQO�C
FKUVKPEV�IGPGVKE�RTGEWTUQT��QT�
CV� NGCUV� KP� VJG�ECUG�QH�(Eα4+��C� URGEKHKE�CFCRVCVKQP
HQT�GHHKEKGPV�KPVGTCEVKQP�YKVJ�NCTIG�OQNGEWNCT�HQTOU�QH�+I#�
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5()(5(1&(6

���4CXGVEJ��,��8��CPF�,��2��-KPGV��������(E�TG�
EGRVQTU��#PPW�4GX�+OOWPQN�������

��� &CGTQP�� /�� ������ (E� TGEGRVQT� DKQNQI[�
#PPW�4GX�+OOWPQN��������

���/QTVQP��*��%���/��XCP�'IOQPF��CPF�,��)��,�

XCP�FG�9KPMGN��������5VTWEVWTG�CPF�HWPEVKQP�QH
JWOCP�+I#�(E�TGEGRVQTU�
(E�CNRJC�4���%TKV�4GX
+OOWPQN��������

���5JGP��.��������4GEGRVQTU�HQT�+I#�QP�RJCIQ�
E[VKE�EGNNU��+OOWPQN�4GU��������

���/QPVGKTQ��4��%���*��-WDCICYC�� CPF�/��&�

%QQRGT��������%GNNWNCT�FKUVTKDWVKQP��TGIWNCVKQP�
CPF�DKQEJGOKECN�PCVWTG�QH�CP�(E�CNRJC�TGEGRVQT
KP�JWOCPU��,�'ZR�/GF���������

���/QPVGKTQ�� 4�� %��� 4�� 9�� *QUVQHHGT�� /�� &�

%QQRGT�� ,��4��$QPPGT��)�� .��)CTVNCPF�� CPF�*�

-WDCICYC��������&GHKPKVKQP�QH�KOOWPQINQDWNKP
#� TGEGRVQTU�QP�GQUKPQRJKNU� CPF� VJGKT� GPJCPEGF
GZRTGUUKQP� KP� CNNGTIKE� KPFKXKFWCNU�� ,� %NKP� +PXGUV
��������

���<JCPI��)���,��4��;QWPI��%��#��6TGICUMGU��2�

5QRR�� CPF�%�� ,��*QYCTF�� ������ +FGPVKHKECVKQP
QH�C�PQXGN�ENCUU�QH�OCOOCNKCP�(E�ICOOC�TGEGR�
VQT��,�+OOWPQN����������

���&WRQPV��$���#��5GNXCMWOCT��CPF�7��5VGHHGPU�
������6JG� MKNNGT� EGNN� KPJKDKVQT[� TGEGRVQT� IGPQ�
OKE� TGIKQP� QP� JWOCP� EJTQOQUQOG� ��S�����
6KUUWG�#PVKIGPU��������

���5COCTKFKU��,��CPF�/��%QNQPPC��������%NQP�
KPI�QH�PQXGN�KOOWPQINQDWNKP�UWRGTHCOKN[�TGEGR�
VQTU�GZRTGUUGF�QP�JWOCP�O[GNQKF�CPF�N[ORJQKF
EGNNU�� UVTWEVWTCN� GXKFGPEG� HQT� PGY� UVKOWNCVQT[
CPF� KPJKDKVQT[� RCVJYC[U�� 'WT� ,� +OOWPQN

�������

���� %QUOCP�� &��� 0�� (CPIGT�� .�� $QTIGU�� /�

-WDKP��9�� %JKP�� .�� 2GVGTUQP�� CPF�/�� .�� *UW�
������#�PQXGN�KOOWPQINQDWNKP�UWRGTHCOKN[�TG�
EGRVQT� HQT�EGNNWNCT�CPF�XKTCN�/*%�ENCUU� +�OQNG�
EWNGU��+OOWPKV[�������

���� $QTIGU�� .��� /�� .�� *UW�� 0�� (CPIGT�� /�

-WDKP��CPF�&��%QUOCP��������#�HCOKN[�QH�JW�
OCP� N[ORJQKF� CPF� O[GNQKF� +I�NKMG� TGEGRVQTU�

UQOG�QH�YJKEJ�DKPF�VQ�/*%�ENCUU�+�OQNGEWNGU��,
+OOWPQN����������

���� #TO�� ,�� 2��� %�� 0YCPMYQ�� CPF� -�� (�

#WUVGP�� ������ /QNGEWNCT� KFGPVKHKECVKQP� QH� C
PQXGN� HCOKN[�QH�JWOCP�+I�UWRGTHCOKN[�OGODGTU
VJCV�RQUUGUU� KOOWPQTGEGRVQT� V[TQUKPG�DCUGF� KP�
JKDKVKQP� OQVKHU� CPF� JQOQNQI[� VQ� VJG� OQWUG
IR��$�� KPJKDKVQT[� TGEGRVQT�� ,� +OOWPQN

���������

���� 9CIVOCPP�� 0��� 5�� 4QLQ�� '�� 'KEJNGT�� *�

/QJTGPYGKUGT��CPF�'��1��.QPI��������#�PGY
JWOCP�IGPG�EQORNGZ�GPEQFKPI�VJG�MKNNGT�EGNN�KP�
JKDKVQT[� TGEGRVQTU� CPF� TGNCVGF� OQPQ�
E[VG�OCETQRJCIG�TGEGRVQTU��%WTT�$KQN�������

����-TGOGT��'��,���8��-CNCV\KU��'��$CMGT��&��(�

%CNNGP�� )�� 4�� 5WVJGTNCPF�� CPF� %�� 4�

/CNKU\GYUMK�� ������ 6JG� IGPG� HQT� VJG� JWOCP
+I#�(E�TGEGRVQT�OCRU�VQ���S������*WO�)GPGV

�������

����9KNUQP��/���/��6QTMCT�� CPF� ,��6TQYUFCNG�
������6JG� NGWMQE[VG�TGEGRVQT�EQORNGZ�QP�JW�
OCP� EJTQOQUQOG� ��S������ +OOWPQNQI[

������
#DUVTCEV�

����#TO��,��2���/��(��)WTKUJ��&��5��4G[PQNFU�
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